Actuator development for the Instrument Pointing System (IPS) by Suttner, K.
ACTUATOR DEVELOPPIENT FOR THE 
1NSfRUMENT POINTING SYSTEM (IPS) 
Klaus Suttter* 
ABSTRACT 
This paper gives a brief introduction to the mechanisms of the instrument 
pointing system (IPS). Particular emphasis is placed on the actuators which 
are necessary for operating the IPS. The actuators are described as follows: 
Two linear actuators that clamp the gimbals down during ascent and 
descent 
Two linear actuators that attach ihe payload to the iPS during the 
mission, and release it into the payload clamps 
One rotational actuator that opens and closes the payload claqs 
Three identical drive units that represent the three orthogonal-gimbal 
axes and are the p;ime movers for pointing 
Design features ,mar.uf accurlng problems, test performance, and results are 
presented in this paper. 
HI STORY 
In 1972, Dornier under ?he sponsorship of the European Space Agency, began 
investigating the feasibility of an instrument pointing system (IPS) to 
be flown on a Spacelab Pallet on board the Space Shuttle. The task of IPS 
would be to support solar, stellar, a d  Earth sensing payloads during launch 
and landing, and to point them on-orbit, with arc-sec accuracy. 
The design phase started in 1976 and until 1980 the qualification programme 
was proceeding successfully. Because increased Shuttle mc.chanical environment 
and changed Shuttle and Spacelab requtrements did not allow the original 
concept to continue, a rigorous redesign was initiated that resulted In 
the totally new construction shown in Figure 1. Only a few parts of the 
original concept uurvive in the new design, although the experience. gained 
from the previous phase was very useful for the new start. See Figure 2. 
Since that time the new IPS bas almost completed its qualification programe 
and the actibities for the July 1984 delivery are proceeding. 
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PERFORMANCE DATA 
The IPS is  designed t o  include a wide range of payloads f o r  s o l a r ,  s t e l l a r ,  
o r  E a r t h  s e n s i n g  mi s s ions .  To c o v e r  a l l  imagi i ieble  demands of po t en t i a l  
users  very severe requirements had t o  be observed and f u i E i l Z e d  by a n  ade- 
quate  layout. The main f ea tu re s  of the  IPS are: 
a. IPS weight--1200 kg 
b. Payload d a t a  (max) 
c. P o i n t i n g  prec is ion- -2  a r c - sec  normal t o  l i n e  of sight--15 arc-sec 
around l i n e  of s i g h t  
d. Usable viewing angle--+60° - half-cone angle; - +180° around l i n e  of s i g h t  
e. Ltfetime--10 years  o r  50 missions 
MECHANICAL CONFIGURATION 
Three dr ive  u n i t s  form the orthogonal axes of the  gimbal system. S t r u c t u r a l  
members connect them mutually with the  p a l l e t  and the  payload. 
The gimbal l a t c h  mechanism, d r iven  by one of a p a i r  of  l i n e a r  a c t u a t o r s ,  
f i x e s  t h e  gimbal  sys tem r i g i d l y  t o  t h e  mounting s t r u c t u r e  during ascent  
and descent. For the mission, the  l a t c h  opens t o  a l l o w  t h e  g imbals  t o  be  
moved. Normal o p e r a t i o n  requi res  only one ac tua to r  f o r  s a f e  locking i n  t h e  
launch and landing configurat ion;  t h e  second a c t u a t o r  is  a backup i f  t h e  
f i r s t  should  f a i l .  The l a t c h i n g  concept cons i s t s  of two hooks at tached t o  
the movable gimbals and two c r a n k s  d r i v e n  by t h e  a c t u a t o r s ,  which c a t c h  
and pu l l  the hooks down t o  t he  s t ruc ture .  
During ascent and descent,  t he  payload is separated from the  gimbal sys tem.  
The payload gimbal  s e p a r a t i o n  mechanism is used f o r  a t tach ing  t h e  payload 
t o  the  gimbals. One of a second p a i r  of l i n e a r  a c t u a t o r s  a c t i v a t e s  t h i s  
mechanism. The a c t u a t o r  p u l l s  t h e  payload o u r  of i t s  clamps, which have 
been previously opened, and provides a r i g i d  connection between t h e  payload  
and t h e  g imbals  by means of a cable  and pul ley system. When the  cab les  a r e  
re leased by the main ac tua tor  o r  i n  a f a i l u r e  case by t h e  redundant  a c t u a -  
t o r ,  l e a f  s p r i n g s  push t h e  payload away from t h e  g imba l s  back i n t o  t he  
clamps. 
The t h r e e  clamps a r e  V-shaped housings with a s l i d i n g  keybolt t h a t  c loses  
the opening, each capable of accommodating one of t h r e e  t r u n n i o n s  b o l t e d  
t o  the  payload. The keybolts a r e  operated simultaneously by flexible rotation- 
a l  s h a f t s  driven by one ro t a t i ona l  actuator .  
LINEAR ACTUATOR 
Performance r equr i emen t s  are as fo l lows :  
a 18 Vdc, 1.9A-maximum 
0 120- s:roke 
a 6000-N f o r c e  
0 -30" t o  +70° o p e r a t i n g  t empera tu re  
0 2800 c y c l e s  under  ambient  and o r b i t  environment 
Design D e s c r i p t i o n  
A d e s i g n  t h a t  u s e d  a d c  b r u s h  m o t o r  d r i v i n g  a ha rmon ic  d r i v e  g e a r  and a 
th readed  s h a f t / n u t  nssembly was c h o s e n  t o  meet t h e  p r e v i o u s  r e q u i r e m e n t s  
( F i g u r e  3). T i t a n i u m  was s e l e c t e d  f o r  t h e  s t r u c t u r a l  p a r t s  owing t o  its 
g m d  s t r e s s - to -we igh t  r a t i o  and t h e  the rma l  requi rements .  
The  f r a m e l e s s  d c  m o t o r  t u r n s  a t  a p ~ r o x i m a t e l y  200  rpm, depending  on t h e  
a p p l i e d  load .  The r o t o r  i s  b o l t e d  t o  t h e  wave g e n e r a t o r  o f  t h e  h a r m o n i c  
d r i v e  g e a r ,  w h i c h  r e d u c e s  t h e  speed  by a r a t i o  o f  1:78. The o u t p u t  o f  t h e  
g e a r  is t r a n s m i t t e d  by a hol low s h a f t  t o  a r o t a t i n g  n u t  i n  which a n o n r o t a t -  
i n g  th readed  s h a f t ,  w i t h  a p i t c h  o f  8 mm, caa move l o n g i t u d i n a l l y .  The s h a f t  
is a t t a c h e d  t o  a p lunge r  s l i d i n g  i n  a t u b u l a r  s e c t i o n  o f  t h e  housing.  
A prism f i x e d  t o  t h e  p lunge r  p e n e t r a t e s  a s l o t  o f  %he o u t e r  hous ing  and 
p r e v e n t s  t h e  p lunge r  and subsequen t ly  t h e  s h a f t  from r o t a t i n g .  Also t h e  
s l o p e s  o f  t h e  prism o p e r a t e  t h e  a c t u a t o r  endswi tches .  
W i t h  t h e  e x c e p t i o n  o f  t h e  h a r m o n i c  d r i v e ,  a l l  r o t a t i n g  p a r t s  are mounted 
on deep  groove b a l l  b e a r i n g s  o f  t h e  same s i z e .  Races and b a l l s  are manufac-  
t u r e d  f r o m  A I S I  4 4 0  C CEVM, and t h e  cages  from p h e n o l i c  r e s i g n  impregnated 
w i t h  Fomblin o i l  Z 25. T h i s  l u b r i c a n t  i s  a l s o  u s e d  f o r  t h e  h a r m o n i c  d r i v e  
and t h e  n u t l s h a f  t assembly. 
F a b r i c a t i o n  Problems 
B e c a u s e  o f  mass r e s t r i c t i o n s  , it was n e c e s s a r y  t o  machine t h e  p a r t s  dowN 
t o  t h e  a b s o l u t e  minimum, which l e d  t o  ve ry  expens ive ,  l i g h t w e i g h t  f i l i g r e e  
p a r t s .  
Computer c a l c u l a t i o n s  t a k i n g  t empera tu re  i n f l u e n c e s  and a p p l i e d  l o a d s  i n t o  
account  l e d  t o  ex t remely  c l o s e  t o l e r a n c e s  f o r  t h e  b a l l  b e a r i n g  f i t s .  Even 
under t h e s e  c o n d i t i o n s  smooth runn ing  and p rope r  performance had t o  be 
gua ran teed .  
T e s t  Pe r f  ormanc e 
For q u a l i f i c a t i o n  testing, one q u a l i f i c a t i o n  model a c t u a t o r  was b u i l t  i n  
a d d i t i o n  t o  t h e  f o u r  f l i g h t  models. A normal test  programme wi th  v i b r a t i o n ,  
thermal-vacuum, l i f  e-cyc le  a n d  f u n c t i o n a l  performance tests w i l l  be used t o  
q u a l i f y  t h e  a c t u a t o r .  
ORIGINAL PAGE 19 
OF POOR QUALm 
Problems 
O r i g i n a l l y  Dorn i e r  i n t e n d e d  t o  hermetically s e a l  t x e  e n t i r e  ac tua tor ;  t he  
gaps between the  f langes e r e  equipped with O-rings, and the  s l i d i n g  plunger 
was connec ted  w i t h  t h e  housing by a metal bellows. This s e a l  was d i f f i c u l t  
t o  maintain because: 
r The a tmosphere  i n s i d e  t h e  a c t u a t o r  must contain a ca re fu l ly  cont ro l led  
amount of mo i s tu re  which i s  r e q u i r e d  t o  a c h i e v e  good m o t o r  b r u s h  
performance 
The rubbe r  s e a l s  become hard a t  low temperatures and leak  under tempera- 
t u r e  grad ien ts  between the  f langes 
The welded bellows cracked during the  v ib ra t i on  test 
After this experience t h e  motor manufacturer was requested t o  provide motor 
brushes capable of  operat ing i n  vacuum. Their pos i t i ve  answer encouraged 
Dornier t o  abandon t h e  sealed concept. 
During t h e  thermal-vacuum t e s t t n g  however, t h e  brushes f a i l e d  a f t e r  the 
low-temperature test. To f ind  a s u i t a b l e  brush  m a t e r i a l ,  an  i n v e s t i g a t i o n  
was begun but  i t  was n o t  s u c c e s s f u l .  Brushes were subsequently declared 
as  l i fe - l imi ted  i tems t h a t  have t o  be i n s p e c t e d  r e g u l a r l y ,  and exchanged 
i f  n e c e s s a r y ,  and t h e  mechanical  d e s i g n  was modif ied t o  ease  inspec t ion  
and replacement. 
Owing t o  t h e  ve ry  s h o r t  l i f e t i m e  a c h i e v a b l e  by t h e  brushes-- l i t t le  more 
than one 7-day mission--the search f o r  more d u r a b l e  b rushes  i s  c o n t i n u i n g  
with the  aim of increas ing  the  number of missions using the  same brush set. 
ROTATIONAL ACTUATOR 
Performance requirements a r e  a s  follows: 
18 Vdc, 3.6-A maximum 
Two motors i n  one housing 
60 revolut ions cw and ccw a t  th ree  o u t l e t s  
0 2.* Nm maximum a t  each of t3e three  o u t l e t s  simultaneously 
- 2 5 O  t o  +90°C opera t ing  temperature 
a 1400 cyc les  under ambient and o r b i t  environment 
Manual operat ion must be possible  
Desixn Description 
The r o t a t i o n a l  a c t u a t o r  ( F i g u r e  4) c o n s i s t s  of two major par t s :  t h e  motor 
housing and the  gear  box. 
Two dc b rush  motors  a r e  mounted on a s i n g l e  common s h a f t  ins ide  t h e  motor 
housing. The motors and s h a f t  b e a r i n g s  a r e  t h e  same a s  t h o s e  used i n  t h e  
l i n e a r  actuators .  
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A bevel  d r i v e  g e a r  l o c a t e d  a t  t h e  end of  t h e  s h a f t  is i n  c o n t a c t  with a bevel  
crown wheel, both l o c a t e d  i n s i d e  t h e  g e a r  box. This  f i r s t  g e a r  s t a g e  reduces  
t h e  m t o r  speed by four .  To d i s t r i b u t e  t h e  motion t o  t h e  t h r e e  payload clamp 
f l e x  shafts a s p u r  g e a r  wi th  a central wheel and t h r e e  a d j a c e n t  wheels i s  
used 
The wheel s h a f t s  are mounted on dry  l u b r i c a t e d  journa l  bear ings .  
In an emergency, t h e  f l e x  s h a f t s  can be manually opera ted e i t h e r  i n d i v i d u a l l y  
o r  by t h e  common c e n t r a l  s h a f t ,  u s ing  a s p e c i a l  to rque  l i m i t e d  de tachab le  
crank t o o l .  
A t  t h e  two extreme p o s i t i o n s  of t h e  keybo l t  i n  t h e  payload clamps, t h e  motor 
i s  switched o f f  by two s e t s  of e n d s w i t c h e s  ( n o t  shown i n  F i g u r e  4 ) .  The 
swi tches  a r e  opera ted by wedges s l i d i n g  a long a t h r  ..led s p i n d l e  whch extends 
from t h e  c e n t r a l  g e a r  s h a f t .  
T e s t  Performance 
One q u a l i f i c a t i o n  model a c t u a t o r  w i l l  undergo t h e  q u a l i f i c a t i o n  programme 
of vibration,  thermal-vacuum, l i f e  c y c l e ,  and f u n c t i o n a l  performance t e s t s .  A 
s e t  of f l e x i b l e  s h a f t s  w i l l  be t e s t e d  i n  p a r a l l e l .  
To s i m u l a t e  t h e  mechanical a c t u a t i n g  f o r c e s ,  e i t h e r  a payload clamp o r  Load 
s i m u l a t o r s  us ing  a th read /nu t  assembly and s p r i n g s  may be used. The s i m l a t o r  
i s  designed t o  perform under ambient and vacuum cond i t ions .  
Problems 
Because  t h e  same motors were used a s  i n  t h e  l i n e a r  a c t u a t o r ,  t h i s  assembly 
had s i m i l a r  motor brush problems. Operation of t h e  payload c lamps  r e q u i r e s  
f e w e r  motor  r e v o l u t i o n s ,  s o  a h igher  number of miss ions  between brush ex- 
changes can be a n t i c i p a t e d .  
i GIMBAL DRIVE UNIT 
, Performance requirements a r e  a s  fo l lows : 
18 Vdc, 9 A-maximum 
15 Nm torque maximum 
2 arc-sec p o i n t i n g  accuracy 
-lo0 t o  +80°C o p e r a t i n g  temperature 
25.2 kN a x i a l  load;  43.5 kN and 13 kNm l a t e r a l  
30000 c y c l e s  over  - +180° and 500,000 c y c l e s  over  +So under o r b i t  environ- 
- 
merit 
I n f i n i t e  number of r e v o l u t i o n s  of  t h e  b a r e  d r i v e ,  equipped wi th  c a b l e  
feed through +60° t o  2193'. 
200 s i g n a l  an; 290 power l i n e s  a c r o s s  each d r i v e  u n i t  
Design Descr ip t ion  
The main a c t i v e  elements of the  IPS gimbal system a r e  t h e  d r i v e  u n i t s .  Three 
d r i v e  u n i t s  form t h e  t h r e e  axes and provide  
0 The c a p a b i l i t y  t o  c a r r y  t h e  loads  of a s c e n t ,  d e s c e n t ,  and ground opera- 
t i o n s  
0 S u f f i c i e n t  angu la r  freedom 
0 Low f r i c t i o n  torques  over  t h e  whole t r a v e l  
Generation of to rque  t o  move t h e  gimbals 
0 P o s i t i o n  i n d i c a t i o n  
0 Passage f o r  approximately 500 e l e c t r i c  l e a d s  
When t h e  IPS xas  redes igned,  t h e  d r i v e  u n i t s  were a l s o  s i g n i f i c a n t l y  recon- 
f igured  (F igure  5). Whereas i n  p r i n c i p a l  most of the  f u n c t i o n s  remained  t h e  
same, t h e  d r i v e  u n i t s  were s i m p l i f i e d  and some of t h e  f u n c t i o n s  removed and 
s e p a r a t e l y  a l l o c a t e d .  
The main d i f  f e r e n c e s  a r e :  
New 
- 
a .  Load by pass f o r :  a. No load by pass ,  i n s t e a d :  
0 Unloading t h e  bear ings  
0 Active  emergency braking 
Se l f  a l i g n i n g  t o  ze ro  
0 Lociing f o r  a s c e n t  
0 S u f f i c i e n t l y  dimensioned 
bear lngs  
0 Exte rna l  pass ive  end s t o p  
0 Exte rna l  gu id ing  s l o t s  
0 Exte rna l  gimbal l a t c h  
mechanism 
b. Cab].> follow-up wi th  s p i r a l l y  b. Cable feedthrough wi th  normal 
wound s p e c i a l  f la t -band c a b l e s  running a x i a l l y  through 
c a b l e s  t h e  hollow s h a f t  
c .  Numerous p a r t s ,  complicated c. Fewer p a r t s ,  s imple f u n c t i o n  
f u n c t i o n ,  hermet ic  s e a l i n g  capable  of o p e r a t i n g  under 
necessa ry  ambient and vacuum c o n d i t i o n s  
d. Small bear ings  r e q u i r i n g  d. Bigger hea r ings  wi th  no e x t r a  
a u x i l i a r y  bea r ing  f o r  ground measures r equ i red  
o p e r a t i o n  and an o f f l o a d i n g  
d e v i c e  
e. Bearings wi th  expensive 
t i t a n i u m  ca rb ide  coated 
tungs ten  b a l l s  
e.  Normal s t a i n l e s s - s t e e l  bearings 
f .  "Sof t"  s h a f t  wi th  changing f .  One s o l i d  s t i f f  s h a f t  
d iameters  and c u t o u t s ,  s e t  
t o g e t h e r  from s e v e r a l  p ieces  
ORlGlNAL PAGE 1q 
OF POOR Q U A L W  
The new d r i v e  u n i t  f e a t u r e s  two p a i r s  of angular  c o n t a c t  b a l l  bea r ings  a r -  
ranged i n  a  face-to-face c o n f i g u r a t i o n .  Races  and b a l l s  a r e  m a n u f a c t u r e d  
from AISI 400 C - CEVM, wi th  ABEC 7 (IS0 4)  t o l e r a n c e s ,  t h e  cages from phen- 
o l i c  r e s i n  wi th  2-percent poros i ty .  The bear ings  a r e  l u b r i c a t e d  wi th  Fomblin 
o i l  Z 25. 
The l a r g e r  d i a m e t e r  p a i r  a r e  r i g i d l y  f i x e d  c a r r y i n g  both a x i s 1  and r a d i a l  
loads ,  and th; s m a l l e r  p a i r  a r e  mounted on membranes and f l o a t  a x i a l l y .  
The f rameless  b r u s h l e s s  dc to rque  motors,  t h e  only i tems taken over  from t h e  
previous des ign ,  use a  samarium c o b a l t  permanent magnet r o t o r  and a  s i n e  and 
c o s i n e  winding i n  t h e  s t a t o r .  
Two r e s o l v e r s ,  m a t c h i n g  t h e  t o r q u e r s  i n  number of p o l e p a i r s  and windings,  
provide t h e  to rquer  p o s i t i o n  and s p e e d - c o n t r o l  s i g n a l s .  Two s i n g l e s p e e d  
r e s o l v e r s ,  i n t e g r a t e d  w i t h i n  t h e  p rev ious ly  mentioned r e s o l v e r s ,  determine 
t h e  ang le  between s h a f t  and housing. 
T o r q u e r s  and r e s o l v e r s  a r e  m u t u a l l y  a l i g n e d  by l o c a t o r  p i n s  i n  s h a f t  and 
housing, r e s p e c t i v e l y .  The c a b l e  feedthrough is  not shown i n  Figure  5. Almost 
500 s i g n a l  and power l e a d s  run a x i a l l y  through t h e  hollow s h a f t ,  wi th  power 
and s i g n a l  l e a d s  separa ted  by a  c o n c e n t r i c  metal  tube.  This a r rangement  h a s  
t o  a l low a r o t a t i o n  of up t o  - + 1 9 3 O  without  a  s i g n i f i c a n t  i n c r e a s e  of torque.  
F a b r i c a t i o n  Problems 
F o r  w e i g h t  and t h e r m a l  r e a s o n s ,  t h e  h o u s i n g ,  t h e  s h a f t ,  and t h e  f l a n g e s  
of the  d r i v e  u n i t s  have been made from t i t a n t u m .  H i g h l y  a c c u r a t e  mach ines  
( p a r t i a l l y  wi th  a i r  bea r ings )  were used t o  t u r n  t h e  bea r ing  f i t s .  The t o l e r -  
ances of these  were c a l c u l a t e d  by compute r  i n  c l o s e  c o o p e r a t i o n  w i t h  t h e  
b e a r i n g  m a n u f a c t u r e r .  T o l e r a n c e s  of b e t t e r  than 6 p m  i n  d iameter  and 3 pm 
i n  roundness were necessary .  
I n  one c a s e  a  k ind of  memory behaviour o f  t h e  t i t a n i u m  was observed caused by 
a n  unfavourable  clamping of  t h e  workpiece. To recover  t h e  out-of- to lerance  
p a r t  t h e  d i s t o r t e d  a r e a  was chemical ly  n i c k e l  p l a t e d  and remachined. 
Tes t  Performance 
Besides t h e  e l e c t r i c a l  and v i b r a t i o n  t e s t s ,  s p e c i a l  a t t e n t i o n  was directed t o  
t h e  to rque  behavior of  the  d r i v e s .  The o l d  d r i v e  u n i t  c o n c e p t  was d e s i g n e d  
f o r  t h e  l o w e s t  p o s s i b l e  to rque ,  which r e s u l t e d  i n  very  smal l  bea r ings  wi th  
t h e i r  a t t e n d a n t  d isadvantages ,  a s  p rev ious ly  desc r ibed .  New i n v e s t i g a t i o n s  
i n t o  t h e  c o n t r o l  l o o p ,  however, revealed t h a t  t h e  t o t a l  system performance 
was not a f f e c t e d  by h igher  torques .  To determine t h e s e  to rques  with and with- 
o u t  a  c a b l e  feedthrough under d i f f e r e n t  environments, s p e c i a l  t e s t  equipment 
was designed.  
The d r i v e  u n i t  i s  mounted on a  r o t a t i n g  v e r t i c a l  a x i s  t u r n t a b l e ,  d r i v e n  by 
a n  e l e c t r i c  motor through a 6000:l  speed  r educe r .  The speed  and p o s i t i o n  a r e  
moni tored  by a  t a c h o g e n e r a t o r  and a p o t e n t i o m e t e r ,  r e s p e c t i v e l y .  
T!I~ d r i v e  u n i t  s h a f t  is  a t t a c h e d  t o  a p i e z o e l e c t r i c  t o r q u e  t r a n s d u c e r .  The  
d h o l e  assembly i s  mounted i n  a  t u b u l a r  s t r u c t u r e  t h a t  can  be placed, complete- 
l y ,  i n t o  a thermal-vacuum chamber. By r o t a t i n g  t h e  t u r n t a b l e ,  t h e  n e t  r e s i s t -  
ance  t o r q u e  of  t h e  d r i v e  u n i t ,  w i th  o r  w i thou t  c a b l e  f e e d t h r o u g h ,  is indica t -  
ed  on t h e  t o r q u e  t r a n s d u c e r .  To c o v e r  t h e  r equ i r emen t s  i o r  bo th  p o i n t i n g  and 
s l e w i n g  modes o f  o p e r a t i o n ,  t e s t  r u n s  were  made f o r  bo th  small and l a r g e  
a n g l e s  of r o t a t i o n .  The measurements r e v e a l e d  a t o r q u e  of a p p r o x i m a t e l y  0 . 5  
Nm f o r  t h e  b a r e  d r i v e  u n i t  w i thou t  t h e  c a b l e  f e e d t h r o u g h  and app rox ima te ly  
4 Nm w i th  t h e  c a b l e s  i n s t a l l e d  a t  +193O. Under c o l d  t empera tu re  i n f l u e n c e ,  a 
p l i g h t  t o r q u e  i n c r e a s e  of  about  5 p e r c e n t  was obse rved .  
A l i f e  c y c l e  t e s t  was a l s o  per formed i n  t h i s  t e s t  r i g .  The mo to r  and  t h e  
t o r q u e  t r a n s d u c e r  were decoupled  acd t h e  i n t e r n a l  d c  t o r q u e r s  were a c t i v a t e d  
by a  c o n t r o l  and measuring u n i t  c o n s i s t i n g  of  a  n o r m a l  p rog rammab le  d e s k  
c o m p u t e r  w i t h  a  s u b s e q u e n t  power s t a g e .  The s h a f t  p o s i t i o n  was monitored 
by t h e  i n t e r n a l  r e s o l v e r s .  During t h i s  t e s t ,  +180° c y c l e s  e q u a l l i n g  3 0 , 0 0 0  
r e v o l u t i o n s  and 500,300 c y c l e s  of  - +5O a t  ex t reme t e m p e r a t u r e s  were performed 
and r e v e a l e d  no change i n  t o rque .  
A f a t i g u e  and a q u a s i s t a t i c  l oad  t e s t  was conducted  t h a t  used a  v i b r a t o r  on 
which t h e  hous ing  was f i x e d  and a mass dummy of 160 kg a t t a c h e d  t o  t h e  s h a f t  
by a 420-mm l o n g  s t i f f  beam. A c c e l e r a t i o n s  of  up t o  20 g f o r  a  du ra t ion  equi- 
v a l e n t  t o  200 mis s ions  were a p p l i e d ,  which y i e l d e d  an  a x i a l  f o r c e  o f  25  kN 
and a bending  moment of 13  kNm. 
F i n a l  r e s o l v e r  z e r j  and s t a b i l i t y  checks  and t o r q u e  t e s t s  d i d  no t  show devia- 
t i o n s  from t h e  former  r e s u l t s .  
A f t e r  t h e s e  q u a l i f i c a t i o n s  t e s t s ,  t h e  c a b l e  f eed th rough  was checked f o r  cable 
breakage  and i n s u l a t o r  damaged w i t h  p o s i t i v e  r e s u l t s .  T h e r e a f t e r ,  t h e  c a b l e s  
were s t r i p p e d  and inspe : . ;ed ,  bu t  no damage o r  a b r a s i o n  was found.  
The dr ive  unLt i s  f u l l y  q u a l i f i e d  and w i t h o u t  any y e s e r v a t i o n s  and showed i t s  
a b i l i t y  t o  meet a l l  r equ i r emen t s  and t o  o p e r a t e  s u c c e ~ s f u l l y  i n  t h e  IPS. 
CONCLUSIONS 
The a c t i v e  mechanisms f o r  t h e  IPS a r e  p a r t i a l l y  qualified: some t e s t s  a r e  
s t i l l  running.  
The mechanica l  performance of  t h e  l i n e a r  and r o t a t i o n a l  a c t u a t o r s  is  proven;  
a s  t h e i r  c a p a b i l i t y  f o r  meet ing  t h e  r equ i r emen t s  h a s  been d e m o n s t r a t e d .  The 
remain ing  b rush  problem i s  under  i n v e s t i g a t i o n .  It i s  no t  l i k e l y  a  b rush  can  
be found t h a t  s u r v i v e s  t h e  e n t i r e  r e q u i r e d  l i f e t i m e ,  b u t  t h e  a i m ,  h o w e v e r ,  
is  t o  p rov ide  brushes  f o r  a t  l e a s t  a  l i m i t e d  number of mi s s ions .  
The d r i v e  u n i t  was f u l l y  q u a l i f i e d  i n  an  e x t e n s i v e  t e s t  programme. In addi-  
t i o n ,  t h e  t h r e e  f l i g h t  u n i t s  h w e  been s u c c e s s f u l l y  a c c e p t a n c e  t e s t e d  a n d  
are i n t e g r a t e d  i n  t h e  IPS. 
No severe  problems can be repor ted  from t h e  o t h e r  IPS subsystems. The system 
i n t e g r a t i o n  is c u r r e n t l y  under way. A f t e r  t h e  f i n a l  i n t e g r a t i o n  of IPS, some 
s y s t e m  t e s t s  a r e  p l a n n e d .  A t  p r e s e n t ,  no compl icat ions  a r e  a n t i c i p a t e d  s o  
scheduled d e l i v e r y  of t h e  f i r s t  IPS t o  ESA i s  planned f o r  J u l y  1984. A second 
IPS w i l l  be d e l i v e r e d  t o  NASA h a l f  a y e a r  l a t e r .  
We hope t h a t  t h e  IPS w i l l  p rovide  s c i e n t i s t s  wi th  a  p r e c i s e  t o o l  on which t o  
mount t h e i r  ins t ruments  and t o  o b t a i n  a c c u r a t e  obse rva t ions  and measurements, 
enab l ing  them t o  i n c r e a s e  our  knowledge of t h e  world and t h e  un ive r se .  
